COMPARATIVE chemical study was carried out to evaluate the physical, chemical and biological characteristics of a selected Drinking Water Treatment Plant (DWTP) in Egypt. The evaluation includes the inlet fresh water of the Canal, the produced drinking water (DW) and the sand filter backwashing water (BWW). An extensive sampling program was carried out to collect water from each of these studied points. All experimental studies were carried out according to APHA. The results showed that the Canal water is not contaminated by any hazardous pollutants, and the conventional treatment system of the plant could successfully produce good quality of DW that cope with the Egyptian, WHO and EPA regulations. The characteristics of the BWW showed slight increase of TSS, turbidity and aluminum. This water consists of 19.5% of the produced DW and is daily discharged to the Canal water way. Thus, it is a source of contamination to the Canal. Several recommendations are included in this study to the decision makers that can save 20% of the wasted water in one hand and protect the waterways of the Canal on the other hand. The pre-chlorination of the fresh Canal water in the DWTP should be replaced by ozone instead of chlorine to avoid any formation of trihalomethanes that might be available in the Canal. Meanwhile, the Canal should be prevented from the disposal of the BWW. Thus, the BWW should not be wasted; it should be reused for other purposes such as irrigating the green area around the DWTP, for flushing, or treated by using simple system and recycled. This will prevent the ecosystem of the Canal in one hand and can be as additional water resources on the other hand. The chemical characteristics of the BWW should be carriedout periodically along with the surface and the produced drinking water to ensure the suitability of BWW for recycling.
Introduction
Water is one of the most precious natural sources for the human and all living creations on earth. Preservation and protection of these sources is essential for our continuation as human being. However, depletion and misuse of such precious natural sources have been practiced during the last few decades [1, 2] . In the arid and semi-arid areas; as the case in Egypt; the importance of water resources is more crucial to life [3] . Water quality degradation in these areas as well as certain parts in the world was reported due to the rapid development of industries, agriculture and urbanization activities during the last few decades [1, 2, 4, 5] . Groundwater in Egypt is considered fossil non-renewable resources [6] . On the other hand, rainwater is very limited in Egypt with the exception of the North coast [7] .
Source and quality of drinking water receives considerable attention due to the impact on human health [3] . Nevertheless, mismanagement and misuse of water resources have resulted in a rapid decline the quality and supply of water as well as widespread of diseases [7] . On the other hand, water quality guidelines can be employed strictly to identify constituents of concern in water quality and resources, to determine the suitability of treatment for drinking purposes [8] . In this respect the physical, chemical and microbiological characteristics of water must be determined in a continuous way [2, 9, 10] . In addition, the need for guidelines of the water inlet and the standards for the water quality of the produced drinking water are essential to protect human health. Thus, removal of some chemical constituents and other contaminants must be carried out precisely [10] [11] [12] .
Therefore, the water quality monitoring program is essential for the protection of freshwater resources [13] . It is necessary to determine the degree of contamination of the surface water that is used for different purposes [14, 15] . There are several studies conducted on the water quality of the River Nile in Egypt including evaluation of heavy metal and other pollutants [16] [17] [18] . It is a crucial issue particularly for a country like Egypt that suffers from deficiency of water resources.
Water supply, therefore, is an important issue that certainly affects the final produced drinking water. Such water supply should be protected to obtain safe drinking water. Increasing this issue is becoming evident in many nations worldwide. From a socio-economic standpoint view, increasing such water resources can strengthen and improve the quality of life to people. In Egypt, we are facing several increasing problems in terms of deficiency of water resources and partially contamination of surface as well as ground waters [20] . Several water bodies receive increasing contamination loads as a result of inadequate treatment wastewater and irresponsible behavior. Due to the climatic change in the world, it was reported that approximately 70% of the renewable water resources are unavailable or diminished for human use [1, 2] . Decreasing the quantity of water resources and lack of water suitable for both irrigation and drinking could certainly lead to food shortages that affect health and economy for many countries in the world. Furthermore, water scarcity of several nations can stifle economy, health care and negative impact on the environment. [3] Despite such global water stress and scarcity, human population is in continues increase particularly in the developing countries like Egypt [4] . Consequently, there is an urgent worldwide action to protect and to increase our water resources, particularly in the developing countries.
The aim of the present investigation is to determine the physical, chemical and microbiological characteristics of the raw fresh canal water, the final treated drinking water as well as the sand filter backwashing water in Egypt. The purpose is to determine the efficiency of this important drinking water treatment plant that supplies different areas this drinking water treatment plant (DWTP). The additional purpose is to determine the physical/chemical characteristics of the sand filter backwashing water for possible recycling due to the shortage of water resources in this area. According to these comparative results, conclusion and recommendation could be suggested for better management of this important issue and water quality in Egypt as a guide to the decision makers.
Materials and Methods

Description of the Studied Drinking Water Treatment Plant
It is the main drinking water treatment plant (DWTP) locates in the North-East of Egypt. It supplies drinking water to the west and east Quanta area in Egypt. This DWTP was constructed directly on a small fresh water Canal that is branched from Ismailia Canal. The source of raw fresh water of Ismailia Canal is the Nile River. The treatment system in this DWTP plant is illustrated in Fig.1 . The successive treatment steps at this DWTP are:
İnlet of raw fresh water was pumped through pipe of 4.5 m width at the depth of 3-3.5 m from the Canal to the plant. 1. The fresh waters are to be pumped into two settling tanks to remove the coarse sand or small gravels. The capacity volume of each settling tank is 150 m 3 volume. Chlorine water and liquid alum are to be injected into the outlet of each settling tank at the dose of 3.4 mg/l chlorine and 50 mg/l alum followed by complete mixing process. 2. The injected water is to be directed into two coagulation and flocculation large tanks. 3. The flocculated water is to be directed to two sedimentation tanks, where all the coagulated and flocculated suspended solids and particlates are to be settled down. 4. Finally the settled treated water is to be filtred by 6 large sand filters to remove all the fine non-settled particles. 5. The filtered water is post-chlorinated and directed to the two large storage tanks and to be distributed to supply the surrounded areas with treated drinking water. 6. This DWTP is operated 24 hours /day and produces about 60 litre / sec. The total daily produced water is around 5,184 m 3 /day treated drinking water.
Experimental Work
An extensive sampling program was designed to collect different water monthly samples for a period of five months continuously. The samples were: raw canal water, final treated drinking water and the "backwashing" water. All samples were manually collected in two liter polyethylene bottles for physical and chemical characteristics. For the microbiological characteristics one sterile liter glass bottles were used. Microscopic examination for living microorganisms including (protozoa, blueish green algae) was also examined in the final treated drinking water. The collected samples were freshly transported to our laboratories in icebox at temperature of 4 0 C. Temperatures and free residual chlorine concentrations were immediately determined on spot and before storing according to procedures in the Standard Methods [APHA, 2005] [21]. Other physical, chemical, and microbiological characteristics as well as the microscopic examination were carried out according to procedures described in the Standard Methods for the Examination of Water and Wastewater (APHA) [21] . Each result presented in this investigation is the average of 7 sequence readings of each five samples.
Microbiological characteristic
Detection of the Total count of Bacteria, Total Coli form, coli form bacilli and the other pathogenic bacteria were carried out according to the described procedures in (APHA) [21] .:
Microscopic examination
Detection of the living microorganisms (protozoa, blueish green algae) was made without any treatment. Few drops of water samples were placed on a glass slide and were examined by light Microscope using high power.
Results and Discussion
Physical and Chemical Characteristics of the Raw Canal Water:
This study was conducted through the entire sampling program. The results (Table 1) indicate that this fresh water is suitable as a source for treatment to produce drinking water. The canal water is free from hazard contaminants and the mean values reveal good quality of fresh water. The Canal water is characterized by low levels of turbidity, total hardness, alkalinity, chlorides, sulfates and nitrates.
Drinking Water
The physical, chemical and bacteriological characteristics of the produced drinking water are given in Table 2 . These results indicate that the quality of the produced drinking water is within the good quality [22, 23] . The hardness (total, Ca and Mg hardness) indicates that it is a soft water. The anions including chlorides and sulfates namely: 53 and 39 mg/l respectively, are low. The nitrogenous compounds including nitrates, nitrites and ammonium compounds are all Nil. The average amount of the residual chlorine was 1.9 mg/l that indicate a safe guard to this water during both storage and distribution systems. The microscopic examinations for living microorganisms including (protozoa, blueish green algae) were also Nil. The total coliforms are always less than < 1.1 as total count, and the fecal coliforms are all Nil which indicate that the added chlorine is sufficient to get rid of any coliform bacterial contamination as well as the other living microorganisms; if there is any. In general, the produced treated drinking water is within the permissible level and within the good quality according to the Egyptian regulations (WHO and EEAA) [19, 23] .
Back washing water
The normal practice of the conventional Drinking Water Treatment Plants (DWTP) worldwide is to clean their sand fiter and to remove the suspensions and precipitants via backwashing process. Thus, they consume part of their produced drinking water to achieve this backwashing process. İn the present DWTP the 6 sand filters are backwashed every eight hours (i.e. three times per day). This backwashing process consumes large quantity of water. The estimation amount of the backwashing water is about 1000 m 3 /d (i.e. about 19.3% of the produced drinking water). This amount of backwashing water is wasted by draining back to the canal waterway. Therefore, it was essential to study the quality of this backwashing water in terms of the physical and chemical characteristics to determine the possibility of recycling such as wasted water. (Table 3) indicate that the backwashing water contains residual amounts of both aluminium and chlorine. Disposing of such wasted water would; certainly; harms the water quality of the Canal. The backwashing water also contains relatively higher amount of suspended solids in correlation to the raw Canal water.
Disadvantages of discharging the backwashing water to the ecosystem of the Canal 1. Large quantities of the backwashing water that was already treated as drinking water is wasted to the Canal. The amount is around 20% of the total produced water. This water costs money, chemicals, efforts, energy, operation and maintenance. Thus it should not be wasted, particularly for a country like Egypt that will be faced with water crisis. 2. This "backwashing" water is turbid contains considerable amount of total suspended solids, and alum that harms the aquatic lives of the Canal. The ecosystem of the Canal should be protected from such contaminations that might affect the quality of Canal water as well, 3. Besides, the discharged water contains 5% of the sludge that produced from the drinking water treatment process. It is mostly the "alum sludge" as valuable materials that could be recycled and reused for other purposes. 4. The physical, chemical and microbiological characteristics of the collected backwashing water samples are given in Table 3 . From these results (Tables 1, 2 and 3) , it can be indicated the following: 1. The Canal water is turbid due to the presence of the natural silt and clay that are originated from the Nile River (Table 1) . However, the other physical and chemical characteristics indicate good quality of the natural fresh water free of hazard compounds.
2. All the physical, chemical and microbiological characteristics of the treated drinking water ( Table 2 ) are within the acceptable limits according to the Egyptian EEAA regulations (2000) [23] .
3. The backwashing water (Table 3) is highly turbid (12.6 NTU), suspended solids (96.4 mg/l) and consists of high level of aluminum (0.22 mg/l) as illustrated in Fig. 2 . The sulfates are 53.6 mg/l. Nevertheless, the rest of the characteristics are within the permissible limits, but it cannot be accepted as drinking water at all.
4. The backwashing water contains considerable amount of TSS namely 96.4 mg/l which is higher than the corresponding TSS in the Canal water (73.8 mg/l).
5. The sludge is mainly suspended solids mixed with traces of alum.
Based on the given results (Table 3 ) the backwashing water could be simply treated to remove the suspended solids and sludge. The backwashing water can be reused safely as an additional source for treatment along together with the Canal water (i.e. to be recycled safely instead of being wasted and to avoid a source of contamination to the Canal). Meanwhile, the produced sludge can also be reused for other purposes according to our investigation.
However, an important issue should be mentioned here concerning the pre-chlorination of fresh Canal or River water. In most drinking water treatment plants disinfection of water is employed for the purpose of the destruction or inactivation of human pathogens, up to a given level of safety that should be maintained throughout water storage and distribution. The effect of disinfection depends mainly on the strength of the disinfecting agents and the applied process to kill wide variety of the microbial pathogens as well as to maintain residual of such disinfectant agent.
Meanwhile, the disinfection by-products during water treatment are the result of the chemical reaction between the disinfectants and the presence of natural organic matters in raw drinking water. Among the most common chlorine disinfection by-products are Trihalomethanes. These byproducts are well known to be a carcinogenic chemical compound. It was previously reported that Nile water contains reasonable amount of organic compounds that are readily susceptible to be converted to Trihalomethanes in the presence of chlorine. (3,4,8 ) Accordingly, it is essential to balance between the health risks associated with the consumption of water with high levels of Trihalomethanes with the risk associated with improper disinfection. Therefore, it is much safer to use natural soil or sub-soil passage of raw river water due to its efficiency to remove organic matters, microorganisms and other pollutants. Otherwise, ozone as disinfectant was found to On the other hand, organic matters are present in all rivers and natural surface water. They produced from the decomposition of aquatic plants and other dead organic matters in the rivers ecosystems. The increased levels of dissolved organic carbon (DOC), total organic carbon (TOC), or water color indicate strong evidence on the presence of reasonable amount of natural organic matter. One of the very effective methods in water treatment to decrease the disinfection by-products is to remove the natural organic matters prior to disinfection [25, 26] . The removal of such natural organic matters can be achieved successfully by chemical coagulation followed by clarification and precipitation, activated carbon adsorption or membrane technology.
Conclusion
The Canal fresh water is of good quality in terms of the physical, chemical and microbiological characteristics.
The employed drinking water treatment system is efficient for treatment of the available fresh water. The produced drinking water could cope successfully with the Egyptian, international and WHO regulations [22, 23] .
The backwashing water should not be wasted; it should be reused for other purposes such as irrigating the green area around the DWTP and/ or for flushing.
The backwashing water can be treated by simple process and recycled back to the DWTP as an additional source of fresh water.
Recommendation
The pre-chlorination of the fresh Canal water in the DWTP should be avoided and replaced by the use of ozone instead of chlorine to prevent the formation of trihalomethanes compounds. This is mainly due to the presence of the natural organic compounds in the fresh Canal water. However, the post-chlorination should be kept to prevent any unexpected biological contamination.
The canal should be prevented from the disposal of the backwashing water.
The "backwashing" water should be treated by using simple system and recycled and /or reused instead of disposing to the Canal. This will prevent the ecosystem of the Canal in one hand and can be as additional water resources on the other hand.
The chemical characteristics of the backwashing water (BWW) should be carried-out periodically along with the surface and the produced drinking water to ensure the suitability of recycling.
